INTRODUCTION
The phenomenon of heat and mass transfer is observed in buoyancy-induced motions in atmosphere, water bodies, quasisolid bodies such as Earth, etc. Oscillatory, free-convective flows have an important role in chemical engineering, turbo-machinery, and aerospace technology. The study of such flows was initiated by Lighthill (1954) , who reviewed the effects of free oscillations on the flow of a viscous, incompressible fluid past an infinite plate. Nanda and Sharma (1963) extended the theory for free-convection boundary layers along a semi-infinite, vertical plate. Analytical solutions for heat and mass transfer by laminar flow of a Newtonian, viscous, electrically conducting, and heat-generating or -absorbing fluid on a continuously vertical, permeable surface in the presence of radiation, first-order homogeneous chemical reaction, and mass flux were reported by Ibrahim et al. (2008) . Hussanan et al. (2014a) Sparrow and Cess (1961) , Wilks and Hunt (1984), and Cussler (1998) . Fairbanks and Wike (1950) studied the effects of chemical reaction and diffusion in an isothermal, laminar flow along a soluble flat plate. Das et al. (1994) reported on the effects of chemical reaction and mass transfer on flow past an impulsively started, infinite, vertical plate with constant heat flux. Takhar et al. (2000) investigated flow and mass diffusion of chemical species with first-and higher-order, reactions over a continuously stretching sheet with magnetic-field effect. Muthucumaraswamy (2002) studied the effects of chemical reaction on a moving, isothermal, vertical, infinitely long surface with suction. Loganathan et al. (2008) investigated the effects of homogeneous first-order chemical reaction and mass diffusion on unsteady flow past an impulsively started, semi-infinite, vertical plate with variable temperature in the presence of thermal radiation. Unsteady heat and mass transfer by free-convective MHD micropolar fluid flow with chemical reaction in the presence of heat generation was studied by Olajuwon and Oahimire (2014) . Recently, finite-difference analysis of MHD, convective heat, and mass transfer in the presence of first-order chemical reaction and thermal radiation was performed by Sahin et al. (2013) . A study of nonlinear, hydromagnetic flow, heat, and mass transfer over an accelerating, vertical surface with internal heat generation and stratification effects was carried out by Kandasamy et al. (2005) . Unsteady, boundary-layer, MHD, free-convection flow past an oscillating, vertical plate was analyzed by Hussanan et al. (2014b) and Khalid et al. (2015) .
The study of MHD, free-convective flow of an incompressible, viscous-dissipative fluid in an infinite, vertical, oscillating plate with constant heat flux has been performed (Gebhart, 1962; Pantokratoras, 2003; Kishan et al., 2006; Kishan and Amrutha, 2010; Kishan and Dessie, 2014) . Hayat (2008c) discussed some MHD flows of second-grade fluid (α) through a porous medium. Marques et al. (2000) considered the effect of fluid slippage at the plate for Couette flow. Hayat et al. (2008b) analyzed slip flow and heat transfer of α past a stretching sheet through a porous space. Maki et al. (1966) investigated both theoretically and experimentally MHD lubrication as an externally pressurized thrust. Hamza (1964 Hamza ( , 1991 considered the squeezing flow between two discs in the presence of magnetic field. The problem of squeezing flow between rotating discs has been studied by Bhattacharya and Pal (1997) . Sweet et al. (2011) analytically solved the problem of unsteady, MHD flow of a viscous fluid between moving parallel plates. Hayat et al. (2008a) presented an analytical solution to unsteady, rotating, MHD flow of incompressible α in a porous half space. There are a variety of industrial applications in which, due to high temperature, radiative heat is also accompanied by conduction and convection heat. Alagoa et al. (1999) studied radiative and free-convective effects on MHD flow through a porous medium between infinite parallel plates with time-dependent suction. Mebine and Gumus (2010) investigated steady-state solutions to MHD thermally radiating and reacting thermosolutal flow through a channel with a porous medium. Singh (2012) analyzed viscoelastic, mixed convection, MHD, oscillatory flow through a porous medium filled in a vertical channel. Rahmann and Sarkar (2004) investigated unsteady, MHD flow of viscoelastic, Oldroyd fluid under time-varying body forces through a rectangular channel. Singh and Singh (1966) studied MHD flow of dusty, viscoelastic, Oldroyd B-liquid through a porous medium between two parallel plates. Rajgopal and Gupta (1984) obtained an exact solution for the flow of non-Newtonian fluid past an infinite, porous plate. Applying quasilinearization to the problem, Verma et al. (1984) analyzed steady laminar flow of α between two rotating porous disks. Rhodes and Rouleau (1966) studied hydrodynamic lubrication of partial, porous, metal bearings. Mehmood and Ali (2007) extended the problem of oscillatory MHD flow in a channel filled with a porous medium that was studied by Makinde and Mhone (2005) to slip-flow regime. Furthermore, by applying perturbation technique, Kumar et al. (2010) investigated the same problem of slip-flow regime for unsteady, MHD, periodic flow of viscous fluid through a planer channel. Choudhury and Das (2012) studied the combined effects of magnetic field and heat radiation on viscoelastic flow in a channel filled with a porous medium. Singh and Devi (2010) studied the effect of slip velocity on MHD, oscillatory flow through a porous medium in a channel. Sivaraj and Rushi (2011) analyzed unsteady, MHD, oscillatory, chemically reacting slip-flow in a planer channel with varying concentrations. Hamaza et al. (2011) investigated the effects of slip condition on unsteady heat transfer to MHD, oscillatory flow through a porous medium. Singh and Kumar (2011) analytically studied fluctuating heat and mass transfer, MHD, free-convection flow of radiating and reacting fluid past a vertical porous plate in slip-flow regime. Recently, Krishna and Swarnalathamma (2016) discussed peristaltic, MHD flow of an incompressible and electrically conducting Williamson fluid in a symmetric, planar channel with heat and mass transfer under the effect of inclined magnetic field. Swarnalathamma and Veera Krishna (2016) discussed theoretical and computational study of peristaltic, hemodynamic flow of coupled stress fluids through a porous medium under the influence of magnetic field, with wall-slip condition. Veera discussed MHD, free-convective, rotating flow of viscoelastic fluid past an infinite, vertical, oscillating plate. Veera Keeping the above-mentioned studies in mind, in this paper we consider unsteady, MHD oscillatory flow of incompressible, electrically conducting α through a saturated, porous medium between two vertical plates, under the influence of uniform, transverse magnetic field normal to the plates, with heat source and chemical reaction.
MATHEMATICAL FORMULATION AND SOLUTION TO THE PROBLEM
We consider the flow of unsteady, hydromagnetic flow of an incompressible, electrically conducting, viscous α through a saturated, porous medium bounded by two insulated vertical plates that are distance d apart in the presence of the heat source, chemical reaction, and uniform, homogeneous, magnetic field of strength B 0 , normal to the plane of plates, as shown in Fig. 1 .
We choose a Cartesian coordinate system O(x, y, z), such that the boundary walls are at z = 0 and z = d, with origin at the stationary plate that is subjected to a constant injection velocity w 0 . The other plate is oscillating in its own plane, at a velocity U (t), about a constant mean velocity U 0 , and subjected to the same constant, suction velocity With the above frame of reference and assumptions, that is, because the plates of the channel extend to infinity along the x direction, all of the physical quantities except for pressure depend on z and t alone.
The unsteady, hydromagnetic flow of an incompressible, electrically conducting, viscous α through a saturated, porous medium is governed by the equation of motion for momentum, conservation of energy, and equation of mass transfer under the usual Boussinesq approximation, and is given by the following equations:
∂T ∂t
Combining Eqs. (2) and (3), let q = u + iv and ξ = x − iy, and we obtain ∂q ∂t
The corresponding boundary conditions are
Eliminating the modified pressure gradient under the usual boundary-layer approximation, Eq. (2) reduces to
introducing the following nondimensional quantities:
Making use of nondimensional quantities (dropping asterisks), governing Eqs. (9), (4), and (5) can be written as
with the following boundary conditions:
where
is the Hartmann number (magnetic-field parameter),
is the permeability parameter,
is the α parameter,
is the thermal Grashof number,
is the mass Grashof number,
is the heat source parameter,
is the Soret parameter,
is the chemical-reaction parameter, and Sc = ν D is the Schmidt number.
To solve Eqs. (10)- (12) for purely oscillatory flow, we assume the solution, following (Hamza, 1964) :
Using Eqs. (15)- (18) into (10)- (12), and equating the coefficient of like terms, we get the following set of equations:
Corresponding boundary conditions are
Solving Eqs. (19)-(27) using boundary conditions of Eqs. (28) and (29), we obtain the temperature, concentration, and velocity fields, given by 
The nondimensional skin friction at the moving plate of the channel is given by 
The rate of heat transfer coefficient at the moving plate of the channel in terms of amplitude and phase angle is given by 
RESULTS AND DISCUSSION
In this article, we present the unsteady, MHD, free-convection flow of an incompressible, electrically conducting α bounded by saturated, porous medium through two vertical plates in the presence of heat source and chemical reaction.
The closed-form solutions for velocity, temperature, and concentration are obtained using perturbation technique. Velocity expression consists of the steady state and oscillatory state, revealing that the steady part of the velocity field has three-layer characters, whereas the oscillatory portion of the fluid field exhibits a multilayer character. Figures 2-12 show the effects of nondimensional parameters, including M the Hartmann number (magnetic-field parameter M ), permeability parameter K, α, thermal Grashof number Gr, mass Grashof number Gm, Peclet parameter Pe, heat source parameter S, Soret parameter S o , chemical reaction parameter R, and Schmidt number Sc. Figure 13 exhibits temperature distribution with different variations in governing parameters S, Pe, ωt, and t. Figure 14 depicts concentration profiles with variations in Sc, R, S o , the frequency of oscillation ωt, and time t, whereas the fixed parameters are U 0 = 1, Re = 1, ε = 0.001. We noticed in Figs. 2, 9 , and 12 that the magnitudes of components u and v reduce with increasing M , S o , or ωt. The application of transverse magnetic field has the important role of a resistive-type force (Lorentz force) that is similar to drag force (acts in the opposite direction of fluid motion) and tends to resist the flow, thereby reducing its velocity. Resultant velocity also decreases with increasing M , S o , or ωt. Figures 3, 6 -8, and 10 show that both u and v enhance with increasing K, Pe, R, and Sc. Similar behavior is observed for resultant velocity. We observe that the lower the permeability of the porous medium, the lower the fluid speed in the entire fluid region. Increasing Gr, Gm, or α leads to enhanced primary velocity u and reduced secondary velocity v throughout the fluid region. Resultant velocity increases with increasing Gr, Gm, or α (Figs. 4, 5, and 11) .
FIG. 3: Velocity profiles for u and v against
K M = 2, Gr = 3, Gm = 5, Pe = 2, So = 0.2, S = 1, α = 1, Sc = 0.22, ωt = π/2, R = 1, t = 1
FIG. 4: Velocity profiles for u and v against Gr
M = 2, K = 1, Gm = 5, Pe = 2, So = 0.2, S = 1, α = 1, Sc = 0.22, ωt = π/2, R = 1, t = 1
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Temperature profiles are exhibited in Fig. 13 for different variations in S, Pe, ωt, and t. Temperature increases in all layers with increasing S. We observe that Pe leads to increased temperature uniformly in all layers, because S is fixed. We conclude that S and Prandtl number Pr augment temperature in all layers. Temperature decreases with increasing ωt and increases with t.
Concentration profiles are shown in Fig. 14 for different variations in Schmidt number Sc, R, S o , ωt, and t. We note that concentration decreases at all layers of the flow for heavier species such as CO 2 , H 2 O, and NH 3 , having Schmidt numbers 0.3, 0.6, and 0.78, respectively. We observe that for heavier-diffusing foreign species, velocity reduces with increasing Sc in both magnitude and extent and thinning of thermal boundary layer. Likewise, concentration profiles increase with increasing R. We conclude that Sc reduces and R increases concentration in all layers. Concentration increases with increasing S o and ωt and reduces with t.
It can be seen in Table 1 that magnitudes of both skin-friction (τ) components τ x and τ y and stress |τ| decrease with M and R an increase with K, Gm, and S o . τ x Increases, τ y is stationary, and |τ| initially decreases and then increases with increasing Gr. The magnitude of τ x increases and τ y and |τ| decrease with increasing Pe. The magnitude of τ x increases, τ y reduces, and |τ| increases with increasing Sc. τ x First increases and then reduced with increasing S, α, and τ y , and |τ| increases with S and reduces with α. The magnitude of τ x and τ y enhance initially and then gradually reduce, and |τ| decreases with increasing ωt. In Table 2 , the magnitude of the Nusselt number Nu increases for parameters S, Pe, and ω, but Nu reduces with t. In Table 3 , we can see that the magnitude of the Sherwood number Sh increases with t and reduces with increases in Sc, R, S o , and ω.
CONCLUSIONS
We have considered the unsteady, MHD, oscillatory flow of incompressible, electrically conducting α through a saturated, porous medium between two vertical plates under the influence of uniform, transverse, magnetic field normal to the plates, with heat source and chemical reaction. The following conclusions can be made: 
